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direct satellite observation by the overlying cloud. A combi-
nation of photographic measurements and the direct and in-
direct satellite measurements was used to derive a map showing
the low-level pyroclastic surge front at half-minute intervals
(see Figure 10.7). The rapid expansion has been described by
Rice (1981). At that time it was not recognized that part of the
satellite image originated from the higher-level pattern clouds
(about 10-km elevation), and appropriate corrections for pro-
jection effects were not made. Consequently, an excessive ini-
tial northward velocity and ground-level extension were orig-
inally ascribed to the low-level pyroclastic surge front.

The pyroclastic surge reached the eastern limit of the dev-
astated zone by 15:36 and the western limit somewhat after
15:37 (Figure 10.7). The time at which the western toe of the
avalanche reached its western limit is unknown but is estimated
to be about 15:42 (Voight et al, 1981). A great convecting
column rose rapidly from the entire devastated zone, forming
the mushroom cloud. Its altitude was 10 km at 15:39, 20 km
at 15:44, and about 30 km at 16:00 (Rice, 1981), at which time
it was fully developed with a diameter of 110 krn. Just prior to
15:42, the satellite sensors detected hot material rising verti-
cally from the crater vent, producing the plinian ash column
that was the dominant feature of the eruption until late after-
noon.

ORIGIN OF SECONDARY EXPLOSIONS

Previous studies (Rosenfeld, 1980; Kieffer, 1981; Moore and
Albee, 1981) have assumed that a single, early explosive epi-
sode occurred near the volcano summit and produced most of
the surge deposits and damage. Therefore, the recognition of
several explosive episodes culminating in the northern explo-

sion at 15:34.3, nearly 2 min later than the first explosions near
the summit, requires revisions of our concept of the Mount St.
Helens eruption but better explains previously puzzling fea-
tures. The first summit explosions are regarded as phreatic
steam blasts similar to those that occurred prior to May 18;
these were triggered by cracking and pressure release when
landsliding began. The initial high moisture content of these
clouds is indicated by their dark color and the presence of
white condensation trails behind ejected blocks (probably partly
ice) (Williams, 1980, p. 90).

The northern explosion was larger than those that preceded
it. Only the 15:34.3 explosion disturbed the overlying atmo-
spheric layer. This explosion caused most of the blast damage
and fatalities and presumably produced the audible signal heard
in Seattle (150 km north) and beyond (Reed, 1980). It appears
to have emanated from that part of the landslide that contained
block II (the graben block of Moore and Albee, 1981). This
landslide block, unlike the northern block I, contained the
major part of the dacitic cryptodome. During transport in the
avalanche the hot dacite of the crypotodome was, no doubt,
continuously broken and fragmented, which triggered second-
ary explosions. After nearly 2 min and several kilometers of
northward transport, a major explosion was emitted from the
avalanche, which produced a secondary higher-velocity pyro-
clastic surge that spread outward in every direction.

The time and place of this northern explosion can be esti-
mated from a variety of criteria. Satellite measurements indi-
cate that the last and most sustained maximum in the infrared
intensity occurred between 15:34.4 and 15:34.7 (Figure 10.6),
that the eastern and western surge lobes underwent rapid ex-
pansion at 15:34.8, and that the high-velocity northern surge
overtook the previous surge at 15:34.5 (Figure 10.5). Photo-
graphs from Mount Adams indicate that the white condensation
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FIGURE 10.7 Map showing approximate
position of the pyroclastic surge front at half-
minute intervals. The lines are dashed where
speculative. Squares indicate location of Cold-
water II station (CO) and position of Gerry
Martin (GM).